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Abstract 

A dwarf nova HV Vir was observed photometrically for eight nights during the outburst in 1992 April — 
May. The star showed two distinct types of periodic variation: (1) 82.20-nnn (0.05708 d) double-humped 
variation with decaying amplitudes during the early stage of the outburst, and (2) 83.80-min (0.05820 d) 
superhumps in later stages. We attributed the former to "early superhumps" , which are only seen in the 
earliest stage of WZ Sge-type outbursts. The superhump period and evolution of the superhumps, together 
with general characteristics of the light curve, make HV Vir a typical WZ Sge-type dwarf nova. HV Vir 
also showed a large increase of the superhump period during the superoutburst. Upon the recognition of 
the WZ Sge-type nature of an object previously considered as a nova, we present a comprehensive list of 
candidates for WZ Sge-type dwarf novae, and related systems. 

Key words: accretion, accretion disks — stars: novae, cataclysmic variables — stars: dwarf novae — 
stars: individual (HV Virginis) 



1. Introduction 

1.1. WZ Sge and Related Stars 



Although presently classified as a dwarf nova, WZ 
Sge is peculiar in many respects. The star exhibited 
three historical outbursts (1913, 1946, 1978) separated 
by 32.5 years, and most recently experienced its fourth 
outburst in 2001 (te]cite.ish01wzsgeiauc7669Ishioka 
et al. (2001b) [cite]cite.ish01wzsgeiauc7669Ishioka 
et al.(2001b)b; te]cite.mat01wzsgeiauc7669Mattei 
et al. (2001b) [cite]cite.mat01wzsgeiauc7669Mattei 
et al.(2001b)b). The light curves of its outbursts resemble 
that of a fast nova in that they show 1) a rapid initial 
decline, 2) a subsequent slower decline lasting 60 to 100 
d^, and 3) large (~8 mag) outburst amplitudes. From 
these features, the object had been long believed to be a 
recurrent nova (000 [cite] cite. may46wzsgeMayall( 1946); 
000 [cite]cite.cam47wzsgeCampbell(1947); 
see also a historical review by 
te]cite.mat80wzsgeMattei(1980) ([cite] cite. mat80wzsgeMattci(l 
Spectroscopic and photometric observations dur- 
ing the 1978 outburst, however, confirmed that ^ 
WZ Sge is a dwarf nova, and not a classical 
nova^. The most striking discovery was the pres- 

^ The most straightforward evidence can be 

found in tc]cite.tar79wzsgeiauc3344Targan(1979c) 

([cite]cite.tar79wzsgeiauc3344Targan(1979c)c), who observed 
WZ Sge at V=14.4 on 1979 April 8, 128 d after the initial 
outburst detection. Further observational evidence for this phe- 
nomenon is rather sparse (cf. 000 [cite] cite. ortSOwzsgeOrtolani 
et al.(1980); 000 [cite]cite.ric92wzsgedipRichter(1992)), than is 
generally believed. 

^ Although the early outburst spectra (000 

[cite]citc.nat78wzsgeiauc3311Nather, Stover(1978); 000 
[citc]citc.bro78wzsgciauc3313Brosch, Lcibowitz(1978); 
000 [citc]citc.wal78wzsgeiauc3315Walker, Bell(1978)) 



ence of superhumps by te]cite.boh79wzsgeBohusz, 
Udalski(1979) ([cite]cite.boh79wzsgeBohusz, 
Udalski(1979))'^ (for a review of superhumps, see 
000 [cite]cite.war85suumaWarner(1985)), which are 



than 



were already indicative of a dwarf nova, rather 
a recurrent nova, the first correct classification as a 
dwarf nova was suggested by te]cite.boh79wzsgeBohusz, 
Udalski(1979) ([cite]cite.boh79wzsgeBohusz, 
Udalski(1979)) from photometric observations. 

te]cite.bai79wzsgeBailey(1979) ([cite]cite.bai79wzsgeBailey(1979)), 
te]cite.pat79SHPatterson(1979b) ([cite]cite.pat79SHPatterson(1979b)b) 
and te]cite.pap79SHmodelPapaloizou, 
Pringle(1979) ([cite]cite.pap79SHmodelPapaloizou, 
Pringle(1979)) also supported this inter- 

pretation, te] cite.cra79wzsgespecCrampton 

et al.(1979) ([cite]cite.cra79wzsgespecCrampton et al.(1979)) 
presented the spectra in outburst, and noted the difference 
from an ordinary nova. Later literature supporting the dwarf 
nova classifications include te]cito.gil80wzsgeSHGilliland, 
Kemper(1980) ([citejcitc.gilSOwzsgeSHGilliland, 
Kemper (1980)), te] cite. wal80wzsgespecWalker , 

Boll (1980) ([cite]cite.wal80wzsgespec Walker, 

TOrrl^iteO) ) and te]cite.pat81wzsgePatterson 

et al.(1981) ([cite] cite. pat81wzsgePatterson et al.(1981)). 
The emergence of a slightly longer period than the orbital pe- 
riod was first noted by te]cite.gui79wzsgeiauc3319Guinan, 
McCook(1979) ([cito]cite.gui79wzsgeiauc3319Guinan, 
McCook(1979)). te]cite.tar79wzsgeiauc3320Targan(1979bj 
([cite]cite.tar79wzsgeiauc3320Targan(1979b)b) yielded 
the first estimate of this period. However, the pe- 
riod increase was initially considered to be a conse- 
quence of the 'nova' outburst. te]cite.boh79wzsgeBohusz, 
Udalski(1979) ([cite]cite.boh79wzsgeBohusz, Udalski(1979)) 
first correctly described this period as superhumps, and 
identified WZ Sge to be an SU UMa-type dwarf nova. 
The first indication of the emergence of superhumps in re- 
ported photometry can be found in te]cite.hei79wzsgelfeiser, 
Henry(1979) ([cite]cite.hei79wzsgeHeiser, Henry(1979)) 
and te] cite. tar 79wzsgeiauc3320Targan(1979b) 

([cite] cite. tar 79wzsgeiauc3320Targan(1979b)b). 
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characteristic to SU UMa-type dwarf novae [see of the initial proposition, tcJcitc.osaOlcgcncOsaki 
te]cite.osa96reviewOsaki(1996) ([cite]cite.osa96reviewOsaki(l;§96)) al.(2001) ([cite] cite. osaOlegcncOsaki 

for a review of dwarf novae; see also et al.(2001)) further succeeded to ex- 
te]cite.war85suumaWarner(1985) ([citc]citc.war85suumaWarplHa(rl,985):^ a combination of the schemes of 



for basic observational properties, 

and te]cite.war95suumaWarner( 1995b) 

([cite]cite.war95suumaWarner(1995b)b) for a more 
recent review of SU UMa-type stars] . 

There had been several competing theories to explain 
the peculiar nature of WZ Sge. One is the mass- 
transfer burst model, which was used to explain the large- 
amplitude periodic humps early in its 1978 outburst (000 
[cite]cite.pat81wzsgePatterson et al.(1981)). The period 
of the humps was equal to the orbital period (Porb), and 
they were considered to reflect the hot spot enhanced by 
the mass-transfer burst, although the hump maxima oc- 
curred 0.17 orbital phase prior to the orbital humps in 
quiescence. 

The other is the extension of thermal 
and tidal instability theory of SU UMa-stars 
(000 [cite]cite.osa89suumaOsaki(1989); 000 
[cite]cite.osa93unifiedmodelOsaki et al.(1993)) 
towards the lowest mass-transfer rate (000 
[cite]cite.osa95wzsgeOsaki(1995)). Numerical simulations 
have shown that thermal instability of the accretion disk 
occurs rarely in such conditions, and it always leads 
to the tidal instability to trigger a superoutburst (000 
[cite]cite.osa95wzsgeOsaki(1995)). 

te]cite.las95wzsgcLasotaet al.(1995) ([cite] cite. las95wzsgcMsota al.(2001c)c), and 
et al.(1995)) assumed the evaporation of the inner disk, [cite]cite.dellaval90vyaqrdella 
and argued that rare outbursts can be caused by a 
small increase of the mass-transfer rate, without an 
assumption of the very low quiescent viscosity. This 
scenario may be considered as a combination of the mass- 
transfer burst model and the disk instability model (see, 
however, the arguments by te]cite.mey98wzsgeMeyer- 
Hofmeister et al.(1998) ([cite]cite.mey98wzsgeMeyer- 
Hofmeister et al.(1998)) and te]cite.min98wzsgeMineshige 
et al.(1998) ([cite] cite. min98wzsgeMineshige 

et al.(1998)) on the scenario of te]cite.las95wzsgeLasota 
et al.(1995) ([cite]cite.las95wzsgeLasota et al.(1995))). 

Some WZ Sge-type dwarf novae are known to show 
complex post-superoutburst rebrightening(s), which are 
rarely seen in other SU UMa-type dwarf novae. The most 
remarkable objects are EG Cnc (te]cite.kat97egcncKato 
et al. (1997a) [cite]cite.kat97egcncKato et al.(1997a)a; 

al.(1998b) 
al.(1998b)b; 

al. (1998a) 
aL(1998a)a), 
superoutburst: 
order to ex- 



te]cite.osa95wzsgeOsaki(1995) ([cite]cite.osa95wzsgeOsaki(1995)), 
te]cite.mey98wzsgeMeyer-Hofmeister 
et al.(1998) ([cite] cite. mey98wzsgeMeyer-Hofmeister 
et al.(1998)) and the decay of magnetic turbulence in the 
quiescent dwarf nova disk (000 [cite]cite.gam98Gammie, 
Menou(1998)); the variety of phenomena in WZ Sge-type 
dwarf novae. 

From the observational side, discrimination of the 
theories has been difficult owing to the rarity of 
outbursts of WZ Sge. Searches for more "WZ Sge- 
type" objects (000 [cite]cite.bai79wzsgeBailey(1979); 
000 [cite]cite.dow81wzsgeDownes, Margon(1981); 
000 [cite]cite.pat81wzsgcPatterson et al.(1981); 
000 [cite]cite.dow90wxcetDownes(1990); 000 
[cite]cite.odo91wzsgeO'Donoghue et al.(1991)) among 
dwarf novae have been a natural consequence of the 
motivation to confirm the universality of the features 
found in WZ Sge itself. In spite of the efforts, a num- 
ber of the candidates have turned out to be rather 
normal SU UMa-stars exhibiting normal outbursts 
(e.g. WX Get (000 [cite]cite.odo91wzsgeO'Donoghue 
et al.(1991); 000 [cite]cite.rog01wxcctRogoziccki, 
Schwarzenberg-Gzerny(2001); te]cite.kat01wxcetKato 
et al. (2001c) [cite]cite.kat01wxcetKato 

VY Aqr (000 
Valle, Augusteijn(1990); 
000 [cite]cite.aug94vyaqrAugusteijn(1994); 000 
[cite]cite.pat93vyaqrPatterson et al.(1993)) see also 
000 [cite]citc.odo91wzsgcO'Donoghue et al.(1991) and 
references therein), and the attempt remained rather 
unsuccessful. 

1.2. HV Virginis as a WZ Sge-Type Candidate 



te]cite.mat98egcncMatsumoto 
[cite] cite. mat98egcncMatsumoto 
te]cite.pat98egcncPatterson 
[cite] cite.pat98egcncPatterson 
and WZ Sge itself (the 
Ishioka et al. in preparation) 



et 
et 
ct 
et 
2001 



In 



plain this unique feature, te]cite.osa97egcncOsaki 
et al.(1997) ([cite]cite.osa97egcncOsaki et al.(1997)) 
proposed a working model, in which the the disk 
viscosity in post-superoutburst WZ Sge-type stars 
are somehow maintained higher than that the 
pre-superoutburst level. Although the underly- 
ing physical mechanism was not clear ar the time 



HV Vir was discovered by 

te] cite. sch31hvvirSchneller (1931) ([cite]cite.sch31hvvirSchneller(1931)) 
in outburst on 1929 February 

11. te]cite.due84hvvhDuerbeck(1984b) 
( [cite] cite . due84hvvirDuerbeck ( 1 984b) b , 
[cite]cite.due87novaatlasDuerbeck(1987)) identified 
the object as a classical nova based on its large out- 
burst amplitude and its light curve constructed from 
his examination of archival plates. However, we sus- 
pected it to be a WZ Sge-type dwarf nova because of 
its high galactic latitude (Z=319.°9, fe=+63.°8, which 
makes HV Vir a very distant (~100 kpc), halo or 
even an extragalactic object based on the usual abso- 
lute maximum magnitude vs rate-of-decline (MMRD) 
relation of galactic novae (originally proposed by 
te] cite. sch57novaabsmagSchmidt (1957) ([cite]cite.sch57novaabsmagSchmii 
and formulated by te]cite.pfa76novaabsmagPfau(1976) ([cite] cite. pfa76nov 
See te]cite.coh85novaabsmagCohen(1985) ([cite] cite. coh85novaabsmagGoh 
te]cite.vandenver86novaabsmagvan den Bergh, 
Pritchet(1986) ([cite]cite.vandenver86novaabsmagvan den 
Bergh, Pritchet(1986)); te]cite.san88virgonovaabsmagSandage, 
Tammann(1988) ([cite]cite.san88virgonovaabsmagSandage, 
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Tamniann (1988));te]cite. cap90LMCnovaabsmagCapaccioli 
et al. (1990b) ([cite]cite.cap90comanovaabsmagCapaccioli 
ct al.(1990a)a.b); te]cite.liv92novaabsmagLivio(1992) ([cite] 
for recent applications, formulations, and dis- 
cussions, and for a recent review, see 000 
[cite]cite.dellaval95novaabsmagdella Valle, Livio(1995)). 
This suggestion was strengthened by our unpublished 
CCD photometry in quiescence (1990) which showed 
possible humps separated by 84±4 m, a period very close 
to that of WZ Sge (81.6 min). 

HV Vir was again caught in outburst at visual mag- 
nitude 12.0 on 1992 April 20.928 UT, when the object 
was still brightening (000 [cite]cite.sch92hvviriaucSchmeer 
et al.(1992)). The outburst was subsequently con- 
firmed photoelectrically with a conspicuous ultraviolet ex- 
cess, and the maximum was probably reached on April 
21.4 at y=11.5 (000 [cite]cite.kil92hvviriaucKilmartin 
et al.(1992)). We started photometric observations within 
a day of the maximum, on April 22, using the multi- 
color photoelectric polarimeter at the Dodaira Station, 
National Astronomical Observatory, Japan, and later us- 
ing a CCD camera at Ouda Station, Kyoto University. 
This early time-resolved photometry eventually enabled 
us to elucidate the nature of the object. 

2. Observations 

2.1. Photoelectric Photometry at Dodaira 

The observations were performed with the 
multi-channel photoelectric polarimeter (000 
[cite]cite.kik88DodairaKikuchi(1988)), attached to 
the Cassegrain focus of the 0.91-m reflector at Dodaira 
Station, National Astronomical Observatory. The journal 
of the observations is summarized in table 1. The time 
resolution was 35 s, interrupted by measuring the local 
standard (SAO 119899 = BD +2° 2664, 13'^21'"41f6, 
+02°05'14" (J2000.0), ^=5.69, S - y=-h0.06, A2 V) in 
every 18 observations of the variable. The aperture size 
was 18"0, which was confirmed on the image-intensified 
TV monitor to large enough to include several times the 
seeing size. The typical error of a single measurement 
was 0.02 mag. A very gradual change of the extinction of 
the sky was calibrated using this local standard, and was 
interpolated to estimate the magnitude of the variable. 
Because the observed color was almost constant through- 
out the runs, we added the counts of the seven color bands 
covering 360 - 800 nm, after correcting for atmospheric 
extinction in each band, and obtained "white-light" 
magnitudes to achieve the best signal-to-noise ratio for 
detecting small amplitude variations. 

2.2. CCD Photometry at Ouda 

The observations were performed with the CCD cam- 
era (Thomson TH7882 chip, 576 x 384 pixels) attached 
to the 0.6-m reficctor at Ouda Station, Kyoto University 
(000 [citeJcitc.OudaOhtani et al.(1992)) for successive six 
nights from 1992 May 1 through May 6. An on-chip sum- 
mation of 3x3 pixels (the unbinned 1 pixel corresponds 
to l."0 and the typical seeing size was 6") were adopted 



Table 1. Log of observations 

cite.h^^^i^ovaabs^^^^vioj^^^^^jj Expt Site 



1992 


h m 


h m 








Apr. 22 


11 44 


15 42 


35 


234 


D 


Apr. 23 


10 33 


14 07 


35 


216 


D 


May 1 


10 58 


15 58 


60 


94 





May 2 


15 17 


16 11 


60 


7 





May 3 


10 36 


17 33 


60 


329 





May 4 


10 28 


17 49 


60 


360 





May 5 


10 44 


17 47 


60 


339 





May 6 


10 41 


16 35 


60 


212 





*Time in 


UT. Apr. 


UT= 


JD 2448712.5, 





and May UT= JD 2448742.5. 
'^Exposure time (s). 

■''Number of useful measurements or frames. 
II D (Dodaira), O (Ouda). 

to minimize the readout time and noise. The interference 
filter which is designed to reproduce the Johnson V-band 
was adopted. The exposure was set to 60 s. The readout 
time between exposures was 8 s. Bias frames were taken 
every ten frames. The typical error of a single measure- 
ment was 0.03 mag. The total number of useful frames 
was 1341. 

The summary of observation is listed in table 1. The 
CCD frames were, after standard de-biasing and fiat- 
fielding, analyzed using automatic microcomputer-based 
aperture photometry package developed by one of the 
authors (TK). The magnitudes of the object were de- 
termined relatively using a local standard star GSC 
300.603 located at 13'^20'"54?80, -f-01°52'06"8 (J2000.0), 
V^lA.ll, B — y=-|-0.56. The synthetic aperture size was 
12."0. The constancy of the comparison during the ob- 
servations were not confirmed very satisfactorily (~0.05 
mag), because of lack of suitable check stars in the same 
field. A long-term variation larger than 0.01 mag was, 
however, reasonably ruled out by averaging the frames on 
each night, and comparing with fainter anonymous stars. 

3. Results 

3.1. The course of the outburst 

HV Vir showed a rapid magnitude increase by at least 
1.2 mag in 1.011 d prior to the detection of the out- 
burst (000 [cite]cite.sch92hvviriaucSchmeer et al.(1992)). 
The visual maximum was reached on 1992 April 
21.4, at V=ll.h (000 [cite]cite.kil92hvviriaucKilmartin 
et al.(1992)). The object started to fade instanta- 
neously at a rate of 0.3 mag d~^, down to V=12.4 
on April 24 (000 [cite]cite.kil92hvviriaucKilmartin 
et al.(1992); 000 [cite]cite.bru92hvvirBruch(1992)). 
The light curve obtained at Dodaira Station (figure 
2) clearly shows this rapid fading. A similar rapid 
initial fade by 2 mag in 6 d was observed during 
the 1929 outburst (te]cite.due84hvvirDuerbeck(1984b) 
[cite]cite.due84hvvirDuerbeck(1984b)b). Taking the 
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Fig. 1. The overall behavior of the 1992 outburst of HV 
Vir, constructed from photoelectric V-band (crosses), CCD 
R measurements and visual (points) observations taken from 
the literature, and visual variable star databases (see text). 
The arrow at (32.417, 13.2) represents the upper limit. The 
dotted line marks the linearly declining portion of the su- 
peroutburst. The general behavior of the light curve closely 
resembles that of the 1946 outburst of WZ Sge. 

poor calibration of old photographic photometry 
into account, the behavior of the two outbursts is 
strikingly similar. Such a rapid initial fade is quite 
similar to that observed in previous outbursts of 
WZ Sge itself (e.g. 000 [cite] cite. ortSOwzsgcOrtolani 
et al.(1980); 000 [cite]cite.pat81wzsgePatterson 
at al.(1981)'') and WZ Sge-type candidate V592 Her 
(000 [cite]cite.due98v592herDuerbeck, Mennickent(1998); 
Kato et al., in preparation, see also the VSNET page^ 

Following this fade, the star entered a stage of 
slower decline of 0.15 mag d^^. The visual light curve 
constructed from observations from lAU Circulars, R- 
band CCD observations from te]cite.lei94hvvirLeibowitz 
et al.(1994) ([cite]cite.lei94hvvirLeibowitz et al.(1994)), 
visual variable star database supplied from Variable 
Star Observers League in Japan (VSOLJ) and the 
data supplied by G. Poyner, and B. Worraker (British 
Astronomical Association; BAA) clearly demonstrates 
this feature (figure 1). The main superoutburst (su- 
peroutburst plateau) lasted for 23 d, and followed 
by a rapid decline by 2.6 mag to i?=17.0 within 
4.8 d (000 [cite]cite.lei94hvvirLeibowitz et al.(1994)). 

* There exists an argument against the sharp, initial peak 
recorded in the past observations. The brightest estimates 
during the 1913 and 1946 outbursts were photographic ones, 
which are shown to be systematically brighter than the mod- 
ern visual scale by more than 0.5-1.0 mag (Kuulkers, pri- 
vate communication). Such an effect may have skewed the 
past representative light curves of WZ Sge. The most recent 
(2001) outburst of WZ Sge (see ( http://www.kusastro.kyoto- 
u.ac.jp/vsnet/DNe/wzsgeOl.html )) did not show such a sharp 
peak as in the past. 

^ (http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/DNe/ 
v592her9808.html> 



Fig. 2. 'White-light' light curve of HV Vir on April 22 and 
23 taken at Dodaira Station. A rapid, linear decline at a 
mean rate of 0.33 mag d~^ is clearly seen. Small fluctuations 
superimposed on the general fading are early superhumps (see 
subsection 3.2 for more details). 

Visual observations suggest that the object bright- 
ened again to ~15.5 mag (May 25-26), 34 d after 
the outburst maximum. This may have been a post- 
outburst rebrightening as is frequently observed in 
WZ Sge-type dwarf novae (cf. te]cite.kat98superKato 
et al. (1998a) [cite]cite.kat98superKato et al.(1998a)a)^. 
The object then entered a stage of a pro- 
longed fading tail, as observed in a WZ Sge- 
type dwarf nova, EG Cnc (te]cite.kat97egcncKato 
et al. (1997a) [cite] cite. kat97egcncKato et al.(1997a)a; 
te]cite.pat98egcncPatterson et al. (1998a) 

[cite]cite.pat98egcncPatterson et al.(1998a)a). The 
outburst is similar to that of the 1946 outburst of WZ 
Sge^ (000 [cite]cite.ort80wzsgeOrtolani et al.(1980)) 
before the rapid fading, and is different from usual 
superoutbursts of SU UMa stars in its rapid initial 
decline, long duration of the superoutburst plateau, and 



The presence of various post-superoutburst phenomena in 
rarely outbursting systems (VY Aqr, WZ Sge, AL Com, WX 
Cet, V592 Her, DV Dra and UZ Boo) was first pointed out by 
te]cite.ric92wzsgedipRichter(1992) ([cite] cite. ric92wzsgedipRichter (1992)). 
More recent descriptions can be 

found in te]cito.how95TOADHowell 

et al.(1995a) ([cite]cito.how95TOADHowell 

et al.(1995a)a), te]cite.kuu96TOADKuulkers 

et al.(1996) ([cite]cite.kuu96TOADKuulkers et al.(1996)) and 
te]cite.kuu00wzsgeSXTKuulkers(2000) ([cite]cite.kuu00wzsgeSXTKuulkers(2000)). 

The apparent absence of recorded post-superoutburst re- 
brightening(s) in 1946 may have been a result of the sparse 
coverage after the main superoutburst. On the occasion 
of the 2001 superoutburst of WZ Sge, very short (~2.5 
to 1.5 d) recurrence time of short (~1 d) rebrightenings 
was observed (e.g. te]cite.kat01wzsgealert6345Kato(2001d) 
[cite]cite.kat01wzsgealert6345Kato(2001d)d; 
te]cite.kat01wzsgealert6432Kato(2001e) 

[cite]cite.kat01wzsgealert6432Kato(2001e)e). Events with 
such short time-scales may have been easily missed by a limited 
density of observations. 
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Fig. 3. CCD V-band light curve of HV Vir on May 1-6, 
taken at Ouda Station. The linear decline at a slower rate of 
0.11 mag is characteristic of an SU UMa-type superout- 
burst. Small fluctuations superimposed on the general fading 
are well-developed superhumps (see subsection 3.3). 

prolonged fading tail. 

3.2. Hump features in the early stage of the outburst 

We analyzed the photoelectric observations at Dodaira 
on April 22 and 23. The resultant light curve is shown in 
figure 4. The magnitude scale is approximately adjusted 
to the T^-band. 

Recurring hump features with an amplitude of 0.1 mag 
are evident. We used the Phase Dispersion Minimization 
(PDM) method (000 [cite]cite.PDMStellingwerf(1978)), 
after removing the linear trend of the steady decline. The 
resultant period of 0.05698(8) d well expresses the light 
variation, which is characterized by a rather complex, dou- 
bly humped profile, with a narrower minimum (figure 5). 
The signal in the upper panel of figure 5 at 17.55(2) d~^ 
corresponds to the period of 0.05698(8) d. A stronger sig- 
nal around 16.55 d^^ is its one-day alias, which can be 
safely rejected using other maxima times (table 2) taken 
from the literature. 

Similar light variations were indepen- 
dently reported by te]cite.bar92hvvirBarwig 
et al.(1992) ([cite]cite.bar92hvvirBarwig 

et al.(1992)) and te]cite.men92hvviriaucMendelson 
et al.(1992) ([cite]cite.men92hvviriaucMendelson 
et al.(1992)) for the intervals April 24.86—26.56 UT and 
April 28.77—29.06 UT, respectively®. Although their ob- 
servations were not long enough to precisely determine the 

* Other observers (000 [cite]cite.bru92hvvirBruch(1992); 
000 [cite]cite.how92hvviriaucHowell et al.(1992); 

000 [cite]cite.ing92hvvirlngram, Szkody(1992); 000 
[cite]cite.man92hvviriaucMantel et al.(1992); 000 
[cite]cite.szk92hvviriaucSzkody et al.(1992)) also 
reported preliminary results, which were ei- 
ther summarized in te]cite.lei94hvvirLeibowitz 
et al.(1994) ([cite]cite.lei94hvvirLeibowitz et al.(1994)) or 
discussed in subsection 3.3. 



Fig. 4. 'White-light' light curve of HV Vir on April 22 and 
23 taken at Dodaira, within two days of the visual maxi- 
mum. Each point and error bar represent the average of 
0.002 d bin and the standard error of the average, respec- 
tively. Low-amplitude (~0.10 mag) modulations existed on 
both nights. The light curve is dominated by rather sharp 
minima and broader maxima, recurring every 0.057 d (82 
min), which we interpret as "early superhumps" (cf. sub- 
section 3.2), characteristic to a WZ Sge-type superoutburst. 
The initial part of the observations on April 23 were obtained 
at a low altitude, and was relatively poorly photometrically 
calibrated. 

period, our period is found to express excellently all the 
"pronounced humps" listed by te]cite.bar92hvvirBarwig 
et al.(1992) ([cite]cite.bar92hvvirBarwig et al.(1992)). 
Together with the hump maxima obtained from our 
photometry, we refined the period as 0.057085(23) d 
(82.20±0.03 min) expressed by the following linear 
ephemeris. 

HJDmax = 2448735.0069(12) + 0.057085(23)E. (1) 

This period corresponds to 

Pi by te]cite.bar92hvvirBarwig 

et al.(1992) ([cite]cite.bar92hvvirBarwig et al.(1992)). 
The almost zero residuals from this period (table 2) 
precludes alternative periods. Since this period is 
based on a longer baseline observations than one with 
Dodaira data, we consider this value as the best- 
determined period. [N.B. The epochs of hump maxima 
in table 2 are taken from te]cite.lei94hvvirLeibowitz 
et al.(1994) ([cite]cite.lei94hvvirLeibowitz 

et al.(1994)), which provides a table of 
the summary of te]cite.bar92hvvirBarwig 
et al.(1992) ([cite]cite.bar92hvvirBarwig 

et al.(1992)) and te]cite.men92hvviriaucMendelson 
et al.(1992) ([cite]cite.mcn92hvviriaucMendelson 
et al.(1992))]. 

The amplitude of the hump features decayed 
from 0.10 mag on April 22 to 0.06 mag for 
April 24—26 (000 [cite]cite.bar92hvvirBarwig 
et al.(1992)). The inferred amplitude of 

0.05 mag by te]cite.men92hvviriaucMendelson 
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Table 2. Timings of early super humps 




P=0.0570 d 
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Fig. 5. (Upper) Period analysis of April 22 and 23 data, by 
using the Phase Dispersion Minimization (PDM) method (000 
[cite]cite.PDMStellingwerf(1978)), after removing the linear 
trend of the steady decline. The signal at 17.55(2) d^'^ cor- 
responds to the period of 0.05698(8) d. A stronger signal 
around 16.55 d~^ is its one-day alias, which can be safely re- 
jected using other maxima times from the literature. (Lower) 
Phase-averaged light curve with a period of 0.057085 d (the 
best-determined period using all data, see text). The com- 
plex, doubly humped profile is characteristic to "early super- 
humps" observed in other WZ Sge-type dwarf novae. 

et al.(1992) ([cite]cite.men92hvviriaucMendelson 
et al.(1992)) on Apr. 28 might follow this sequence, 
but its identity is uncertain. It may be safe to say that 
the amplitude of 82.20-min periodicity was no larger 
than 0.05 mag on April 28. This hump feature ("early 
superhumps" , which are humps only seen during the 
earliest stage of WZ Sge-type outbursts, having periods 
close to Porb) will be discussed in subsection 4.3. 

3. 3. Superhumps 

After the 82.20-min periodicity decayed, another 
distinct type of variability appeared in late April, which 
was first described by te]cite.szk92hvviriaucSzkody 
et al.(1992) ([cite]cite.szk92hvviriaucSzkody et al.(1992)). 
Their observations starting on April 30 showed 
definite superhumps with an amplitude of 0.2 
mag and a period of 84.1±0.4 m. Although 
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*A gainst equation 1. 
II 1: this paper, 

2: te]cite.lei94hvvirLeibowitz et al.(1994) ([cite]cite.lei94hvvirLeibowi1 



observations by te]cite.men92hvviriaucMendelson 
et al.(1992) ([cite]cite.men92hvviriaucMendelson 
et al.(1992)) suggest superhumps had appeared on April 
28, the large differences in amplitude and period from the 
present observation make identification inconclusive. The 
superhumps may have just started to develop at the time 
of the observation by te]cite.men92hvviriaucMendelson 
et al.(1992) ([cite]cite.men92hvviriaucMendelson 
et al.(1992)). 

The same features were independently discovered by 
us from the Ouda data (figure 6). The superhumps 
were quite regular in shape, showing a steeper rise and 
gradual decline throughout our observations (figure 7). 
The amplitude of superhumps slightly decreased from 
0.30 mag on May 1 to 0.16 mag on May 6. The pe- 
riod analysis using PDM yields a period of 0.05820(4) 
d (83.80±0.03 min) ^. The value is in agreement with 
a period of 84.1±0.4 min by te]cite.szk92hvviriaucSzkody 
et al.(1992) ([cite]citc.szk92hvviriaucSzkody et al.(1992)). 
The appearance of superhumps confirms the SU UMa- 
type nature of HV Vir. 

4. Discussion 

4-1. Frequency of Superoutbursts 

te] cite . lci94hvvirLeibowitz 
et al.(1994) ([cite]citc.lei94hvvirLeibowitz et al.(1994)) 
examined Sonneberg plates, and found an- 
other bright outburst (reaching 11.2 mag) oc- 
curring in 1970. te]cite.lei94hvvirLeibowitz 

" As shown in subsection 4.2, the superhump period showed a 
systematic variation through the outburst. We refer to this 83.80 
m as the representative period of superhumps in the following 
sections. 
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Fig. 6. Enlarged light curve of HV Vir in early May. Each 
point and error bar represent the average of 0.002 d bin 
and the standard error of the average, respectively. Periodic 
humps with a period of 0.05820 d (=83.80 min) and an am- 
plitude of 0.16 mag arc clearly seen. The humps show steeper 
rise and slower decline, characteristic of supcrhumps of SU 
UMa stars, are distinct from those observed in April (figure 
4. 

et al.(1994) ([cite]cite.lei94hvvirLcibowitz et al.(1994)) 
also reported possible positive detections in 1939 and 
1981, and implied that the outburst cycle length is ~10 
yrs or shorter. Their possible detections in 1939 and 1981 
being much fainter (around 13.5 - 14.0 mag, close to the 
plate limit) than the 1992 outburst, these detections, 
even if they were real outbursts, should be more properly 
treated as a different kind of outbursts. The only known 
major outbursts (likely supcroutbursts) are in 1929, 
1970 and 1992. HV Vir has been intensively monitored 
by the members of VSNET Collaboration since the 
1992 outburst. The lack of outburst detection up to 
2001 suggests that the cycle length of major outbursts 
is an order of ~10 yrs, or even longer. The observed 
interval of major outbursts is close to that of AL Com, 
a "twin" system to WZ Sgc (see tc]citc.kat96alcomKato 
et al.(1996b) [cite]cite.kat96alcomKato et al.(1996b)b, 
te]cite.nog97alcomNogami et al. (1997a) 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnct/) 



Fig. 7. (Upper) Period analysis of the May 1-6 data, by us- 
ing the Phase Dispersion Minimization (PDM) method (000 
[cite]cite.PDMStellingwerf(1978)), after removing the linear 
trend of the steady decline. (Lower) Phasc-avcragcd light 
curve with a period of 0.05820 d. The supcrhumps were quite 
regular in shape, showing a steeper rise and gradual decline. 

[cite]cite.nog97alcomNogami et al.(1997a)a and 000 
[cite]cite.pat96alcomPatterson et al.(1996) for extensive 
discussions). 

4-2. Superhump Period 

The presence of two superhump periods (i.e. 
those of early supcrhumps and ordinary super- 
humps) in HV Vir, which were not properly rec- 
ognized at the time of te]cite.lei94hvvirLeibowitz 
et al.(1994) ([cite]cite.lei94hvvirLeibowitz 

et al.(1994)), together with a large obser- 
vational gap in te]cite.lei94hvvirLeibowitz 
et al.(1994) ([cite]cite.lei94hvvirLeibowitz et al.(1994)), 
caused an ambiguity in cycle count identifications. 
All superhump timings between HJD 2448742.8728 
and 2448752.4897 were first collected from our 
observations and from te]cite.lei94hvvirLeibowitz 
et al.(1994) ([cite]cite.lei94hvvirLeibowitz et al.(1994)). 
The longest gap of observations being 2.1 d in the 
present analysis has greatly improved the quality of 
the analysis compared to tc]cite.lei94hvvirLeibowitz 
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et al.(1994) ([cite]cite.lei94hvvirLeibowitz et al.(1994)), 
which greatly suffered from the long gap of 7.3 d in the 
middle of the superout burst. Our super hump period 
(subsection 3.3) was accurate enough to unambiguously 
determine the cycle counts of all available observations, 
which are summarized in table 3. This result indi- 
cates that the cycle count in te]cite.lei94hvvirLeibowitz 
et al.(1994) ([cite]cite.lei94hvvirLeibowitz et al.(1994)) 
was in error by 1 cycle, leading to an erroneous interpre- 
tation of the period and its change. 

te] cite.lei94hvvirLeibowitz 
et al.(1994) ([citc]citc.lei94hvvirLeibowitz et al.(1994)) 
further identified the period as the possible or- 
bital period later in their observations. This 
period, however, is more likely identified with 
late superhumps (000 [cite]cite.hae791ateSHHaefner 
et al.(1979); 000 [cite]cite.vog831ateSHVogt(1983); 000 
[cite] cite. vanderwoe881ateSHvan der Woerd et al.(1988); 
000 [cite]cite.hcs921ateSHHessman et al.(1992)), which 
are known to have similar periods with ordinary 
superhumps (i.e. a few percent longer than Porb), 
but have phases ~0.5 different from those of ordi- 
nary superhumps. The late superhumps are known 
to persist for a long time (several tens of days) 
in WZ Sge-type outbursts (te]cite.kat97cgcncKato 
et al. (1997a) [cite] cite. kat97cgcncKato 

et al.(1997a)a; te]cite.pat98cgcncPattcrson 

et al. (1998a) [cite]cite.pat98cgcncPattcrson 

et al.(1998a)a). The reported period of 

0.05799(3) d by te]cite.lei94hvvirLeibowitz 
et al.(1994) ([cite]cite.lei94hvvirLeibowitz et al.(1994)) 
within the range of variation of the superhump period 
(cf. equation 3) also supports this identification. 

A linear regression to the superhump times gives the 
following ephcmcris. 



Table 3. Timings of superhumps 



The 
against 



= 2448742.8664(16) + 0.058285(17)E. 



(2) 



O - C's (O - Ci in table 3; figure 8) 
this ephemeris indicates that the super- 
hump period (-Psh) became longer, in contrast 
to the conclusion by te]cite.lei94hvvirLeibowitz 
et al.(1994) ([cite]cite.lei94hvvirLeibowitz et al.(1994)). 
As shown in O — C2 in table 3, the times of superhump 
maxima in this interval can be well represented by the 
following quadratic equation. 
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*HJD-2448700. 
'''Cycle count. 
Against equation 2. 
"Against equation 3. 

§1: this paper, 2: (000 [cite]cite.lei94hvvirLeibowitz et al.(1994)) 



HJD,„ax = 2448742.8751(12) + 0.057996(31)£; 

1.65(17) X IQ-^E"^. 



(3) 



The quadratic term corresponds to _P/P=+5.7(0.6) x 
10-5. 

Figure 9 represents the O — C diagram of super- 
hump maximum of against the period of 0.057085 
d (the period of early superhumps) throughout the 
superoutburst. E is the cycle count since HJD 
2448735.0069 (cf. equation 1). This diagram cor- 
responds to figure 4 of te]cite.pat81wzsgePatterson 
et al.(1981) ([citc]citc.pat81wzsgcPatterson et al.(1981)) 
for WZ Sge. The marked resemblance of the overall O — C 
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Fig. 9. O — C diagram of against the 0.057085 d period 
(the period of early suporhumps) throughout the superout- 
burst. E is the cycle count since HJD 2448735.0069 (cf. 
equation 1). Filled and open circles correspond to maxima 
timings by this work and by te]cite.lei94hvvirLeibowitz 
et al.(1994) ([cite]cite.lei94hvvirLeibowitz 

et al.(1994)), respectively. This diagram corre- 

sponds to figure 1 of tc]cite.boh79wzsgcBohusz, 
Udalski(1979) ([cite]cite.boh79wzsgcBohusz, Udalski(1979)) 
and figure 4 of teJcite.patSlwzsgePatterson 
et al.(1981) ([cite] cite. pat81wzsgePatterson et al.(1981)) for 
the 1978 outburst of WZ Sge. 



variation to that of WZ Sge also strengthens the similarity 
of HV Vir to WZ Sge. 

^.3. Early Superhumps 

As described in subsection 3.2 and 3.3, two distinct 
types of periodic humps appeared in different stages of 
the outburst. The longer period (83.80 min) is identi- 
fied by many authors as genuine superhumps from their 
characteristics of the hump light curves. The similarity of 
the general light curve in this stage (see subsection 3.1) 
with those of supcroutbursts in usual SU UMa stars also 
supports this identification. 

As described in subsection 3.2, the 82. 20- min pe- 
riodicity showed a rather complex, doubly humped 
profile, with a narrower minimum. All of su- 
peroutbursts of well-observed WZ Sge-type dwarf 
novae are recently recognized to commonly show 
semi-periodic modulations at the earliest stage of 
supcroutburst (AL Com: tc]cite.kat96alcomKato 
et al.(1996b) ([citc]citc.kat96alcomKato et al.(1996b)b); 
EG Cnc: te]cite.mat98egcncMatsumoto 

et al. (1998b) ([cite]cite.mat98egcncMatsumoto 
et al.(1998b)b); RZ Leo: teJcite.ishOOrzleoiaucIshioka 
et al.(2000) ([cite] cite. ishOOrzleoiaucIshioka 

et al.(2000)); tcJcitc.ishOlrzleoIshioka et al.(2001a) 
([cite] cite. ishOlrzlcoIshioka et al.(2001a)a); WZ 
Sge in 2001: tc]citc.ish01wzsgciauc7669Ishioka 
et al. (2001b) ([cite]cite.ish01wzsgeiauc7669Ishioka 
et al.(2001b)b); te]cite.kat01wzsgciauc7672Kato 
et al. (2001b) ([cite]cite.kat01wzsgeiauc7678Kato 
et al.(2001f)b,f)). These modulations are called "early 
superhumps" (e.g. te]cite.kat98superKato et al. (1998a) 
([cite]cite.kat98superKato ct al.(1998a)a) "). Since the 
early-stage modulations in HV Vir bear all characteristics 
common to other WZ Sge-type dwarf novae, we regard 
the 82.20-min periodicity as early superhumps. 

Since early superhumps are known to have the same 
or extremely close periods to orbital periods in all well- 
observed cases, we propose this period to be the orbital 
period of HV Vir, although the identification should be 
confirmed by future radial velocity and photometric ob- 
servations. The proposed orbital period 0.05708 d (82.20 
min) is one of the shortest among well-established dwarf 
novae. 

The resultant fractional superhump excess (e = 
^SH/-Forb — 1) is 2.0%. This excess corresponds 
to an extreme mass-ratio {q—M2/Mi) of 0.1 (000 
[cite] cite . mol92 SHexcessMolnar , Kobulnicky (1992)). 

^.4-. Delay of the Superhump Development 

The superhumps arc now widely believed to be 

caused by the tidal instability of the accretion 

disks (000 [cite]cite.whi88tidalWhitehurst(1988); 

000 [cite] cite.hir90SHexcessHirose, 



This feature is also referred to as "orbital" su- 
perhumps (te]cite.kat96alcomprocKato ct al. (1996a) 
[cite]cite.kat96alcomKato et al.(1996b)a,b or outburst 
orbital hump (te]cite.pat98egcncPattcrson ct al. (1998a) 
[cite]cite.pat98egcncPatterson et al. (1998a)a). 
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Osaki(1990); te]cite.lub91SHaLubow(1991a) 
([cite]cite.lub91SHbLubow(1991b)a,b, 
[cite]cite.lub92SHLubow(1992))), and the delay of 
the supcrhump development offers a suitable measure of 
the growth rate of the tidal instability. 

The full development of superhumps in HV Vir 
took 7 to 9 d following the visual maximum, in con- 
trast to 2 to 4 d in usual SU UMa stars. This delay 
is similar to WZ Sge (10 d for the 1978 outburst: 
000 [cite]cite.boh79wzsgeBohusz, Udalski(1979); 000 
[cite] cite. pats IwzsgePatterson et al.(1981); 12 d for 
the 2001 outburst: te]cite.kat01wzsgciauc7678Kato 
et al. (20011) [cite]cite.kat01wzsgeiauc7678Kato 
et al.(2001f)f), AL Com (~7d: te]cite.nog97alcomNogami 
et al. (1997a) [cite]cite.nog97alcomNogami 

et al.(1997a)a; 000 [cite]cite.pat96alcomPatterson 
et al.(1996)), EG Cnc (~8 d: te]cite.kat97egcncKato 
et al. (1997a) [cite]cite.kat97egcncKato et al.(1997a)a; 
te]cite.pat98egcncPatterson et al. (1998a) 

[cite] cite. pat98cgcncPatterson et al.(1998a)a) and WX 
Get (4 ~ 7 d: 000 [cite]cite.odo91wzsgeO'Donoghue 
et al.(1991); more recent observations of WX 
Get by te]cite.kat01wxcetKato et al. (2001c) 
([citeJcite.katOlwxcetKato et al.(2001c)c), however, 
showed that the delay is less than 2 d, suggesting that this 
star is more related to a usual SU UMa- type dwarf nova). 
This finding is compatible with the slow growth rate, 
which has been shown to be proportional to the square of 
the mass ratio g = M2/Mi (te]cite.lub91SHaLubow(1991a) 
[cite]cite.lub91SHbLubow(1991b)a,b), expected from the 
estimated small mass-ratio of HV Vir, and also strength- 
ens the classification of HV Vir as a WZ Sge-type 
object. 

4-5. Superhump Period Change 

The periods of "textbook" superhumps 
in usual SU UMa-type dwarf novae are 
known to decrease during superoutburst (e.g. 
000 [cite]cite.war85suumaWarner(1985); 000 
[cite]cite.pat93vyaqrPatterson et al.(1993)). The pe- 
riod derivative (Pdot = P / P) has a rather common 
negative value (~ —5 x 10"^), which has been generally 
attributed to the decreasing apsidal motion due to the 
decreasing disk radius. However, recent observations 
(including the present work) have shown a number of 
systems which show positive period derivatives. Since 
many of them are associated with either WZ Sge-like sys- 
tems, or systems with short Porb (te]cite.kat98superKato 
et al. (1998a) [cite]cite.kat98superKato et al.(1998a)a), 
we have made a systematic survey of observed Pdot in 
SU UMa-type dwarf novae. The result is summarized in 
table 4. 

Figure 10 presents the relation between P/P and 
-PsH- While most of long-period systems show the "text- 
book" decrease of superhump periods, short-period sys- 
tems or infrequently outbursting SU UMa-type systems 
(also listed as "large-amplitude SU UMa-type dwarf no- 
vae" in table 7 predominantly show an increase of su- 
perhump periods. This concentration of positive Pdot 
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*Year of the outburst in parentheses. 
^Typical superhump period (d). 
tp/P imit in 10"^ 



Remarks: 1. - te]cite.pat81wzsgePattcrson 

et al.(1981) ([cite] cite. patSlwzsgePatterson et al.(1981)) originally 
gave a period of 0.05714 d. However, more precise identifications 
of superhump maxima based on the more accurately determined 
superhump period on the 2001 superoutburst have refined the pe- 
riod as given in the table (te]cite.kat01wzsgealert6285Kato(2001c) 
[citc]citc.kat01wzsgeaIert6285Kato(2001c)c). 2. - Period 

and period derivative determined from the observations of the 
VSNET Collaboration team (te]cite.ish01wzsgciauc7669Ishioka 
et al. (2001b) [cite]cite.ish01wzsgeiauc7669Ishioka 

et al.{2001b)b; te]cite.kat01wzsgeiauc7672Kato et al. (2001b) 
[cite]cite.kat01wzsgciauc7678Kato et al.(2001f)b,e,f). 3. - Pdot 
through the entire superoutburst in 1993. te]cite.lem93tleoLemm 
et al.(1993) ([citc]cite.lcm93tleoLemm et al.(1993)) gave —6 
X 10~^ for the initial part of the same superoutburst. See 
te]citc.kat97tleoKato(1997a) ([citc]cite.kat97tleoKato(1997a)a) 
for a complete discussion. 4. - The value is from 

te]cite.kat01cfpegKato(2001a) ([cite]cite.kat01cfpegKato(2001a)a). 
Matsumoto et al. (in preparation) gave a virtually zero Pdot for 
the 1997 superoutburst. 

References: 1. tc]cite.ole97v485cen01ech(1997) ([cite]cite.ole97v485cen01ech(1997)) 

; 2. te]cite.pat93vyaqrPatterson 

et al.(1993) ([cite]cite.pat93vyaqrPatterson et al.(1993)) ; 3. Kato 

et al., in preparation ; 4. te]cite.nog97alcomNogami ct al. (1997a) 

([cite]citc.nog97alcomNogami et al.(1997a)a) ; 5. this work 

; 6. Kato, in preparation ; 7. te]cite.nog98swumaNogami 

et al.(1998) ([citc]cite.nog98swumaNogami et al.(1998)) 

; 8. Nogami et al., in preparation ; 9. 

teJcite.katOlwxcetKato et al. (2001c) ([citeJcitc.katOlwxcetKato 

et al.(2001c)c) ; 10. te]cite.kat97tleoKato(1997a) 
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Fig. 10. P/P versus Pgjj drawn from table 4. While most 
of long-period systems show a decrease of superhump pe- 
riods, short-period systems or infrequently outbursting SU 
UMa-type systems tend to show an increase of superhump pe- 
riods. Although P/P seems to comprise a continuum against 
PgH, systems with Pgjj shorter than 0.062 d show a strong 
tendency of positive P/P. 

systems among short-period systems may be either a 
consequence of low q and/or low mass-transfer rate 
(M). Recent discoveries of zero or marginally posi- 
tive P systems (V725 Aql: te]cite.uem01v725aqlUemura 
et al.(2001) ([cite]cite.uem01v725aqlUemura et al.(2001)); 
EF Peg: Matsumoto et al, in preparation) in long Porb 
systems may be a suggestion that low M is more re- 
sponsible, but the origin of this phenomenon is still not 
well understood (cf. teJcite.katOlwxcetKato et al. (2001c) 
[cite] cite. katOlwxcetKato et al.(2001c)c). 

4-.6. Guideline to a Future Search for WZ Sge Stars 

Previous searches for WZ Sge stars (e.g. 000 
[cite]cite.odo91wzsgeO'Donoghuc et al.(1991)) have been 
rather unsuccessful because because the search has been 
confined to known dwarf novae with two or more out- 
bursts. As in the case of HV Vir and WZ Sge, the cy- 
cle length of WZ Sge-type stars are very long, and they 
may have experienced only one outburst in recent years. 
Although light curves of WZ Sge stars resemble that of 
a fast nova, making it difficult to discriminate such ob- 
ject from galactic novae, a number of WZ Sge-type dwarf 
novae are expected among historical records of galactic 
novae. 

A criterion for identifying WZ Sge type objects amongst 
galactic novae is the rate-of-decline vs outburst amplitude 
of novae. Fast novae usually show amplitudes greater than 
10 mag, which is in agreement with the current picture 
of galactic novae, having a quiescent absolute magnitude 
of Mv=+4 (000 [cite]cite.war87CVabsmagWarner(1987); 
000 [cite]cite.can98DNabsmagCannizzo(1998); 000 
[cite]cite.sma00DNabsmagSmak(2000)). The method 
is easily applied to fast novae without spectroscopic 



Sge-type Dwarf Novae 11 

confirmation, but with measured quiescent magnitudes. 

Based on these criteria, and based on a comprehensive 
study in the past observations of dwarf novae and candi- 
dates, we present a new set of promising candidates of WZ 
Sge-type stars which need to be carefully studied. Table 
5 lists properties of the confirmed WZ Sge-type dwarf no- 
vae. Other probable WZ Sge-type dwarf novae are listed 
in table 6. Candidates are given in table 7. A table of 
large-amplitude SU UMa-type dwarf novae (table 8) is 
also given, which have some common properties with WZ 
Sge-type dwarf novae, or which were listed as WZ Sge- 
type candidates in the past literature. The existence of 
superhumps in these systems have been established (i.e. 
established SU UMa-type dwarf novae). None of these 
systems, however, were observed to show definite early 
superhumps. 

Some of the objects selected from possible old no- 
vae have been observed in quiescence, and are shown 
to have cataclysmic nature (for example, see 000 
[cite]cite.muk90faintCVMukai et al.(1990)). Further 
spectroscopic observations of these objects will allow 
determination of quiescent mass transfer rate which 
is expected to be extremely low in WZ Sge stars 
(000 [cite]cite.osa95wzsgeOsaki(1995)), in good con- 
trast to galactic novae with high mass-transfer rates. 
Furthermore, photometric observations in quiescence may 
provide information about their orbital periods. Since all 
well-studied WZ Sge-type dwarf novae have orbital pe- 
riods below 2 hr, and may be photometrically selected 
against galactic novae, which usually have orbital periods 
longer than 3 hr. 

5. Conclusion 

(1) HV Vir, previously recognized as a galactic nova, 
was observed in outburst in 1992 April — May, first time 
since 1929. The general features of the light curve, to- 
gether with its large amplitude (7.7 mag) and long recur- 
rence time (typically longer than ~10 yrs) closely resem- 
ble to those of WZ Sge, an enigmatic dwarf nova, in all 
respects. 

(2) Photoelectric and CCD photometry in April 22 — 
23 and May 1-6 revealed two distinct types of periodic 
modulation: 82.20-min period and 83.80-min superhumps. 
The detection of superhumps confirms the SU UMa-type 
nature of the object. 

(3) The 82.20-min periodicity was detected only in the 
earliest stage of the outburst, and soon decayed. Based 
on striking similarity with "early superhumps" observed 
in recently established WZ Sge-type dwarf novae, we iden- 
tified the periodicity as "early superhumps" , which likely 
have an identical period with the orbital period. 

(4) The small fractional superhump excess 
(e = Psn/Poih — 1) of 2.0% imphes an extreme 
(g=M2/Mi^0.1) binary mass ratio. This binary 
parameter, combined with theoretical models, is com- 
patible with the slow development of superhumps, and 
satisfies the required condition for the WZ Sge-type 
phenomenon. 
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(5) The present success in identifying new WZ Sge-type 
objects encouraged a further search for analogs in the ht- 
erature. A new comprehensive hst of candidates for WZ 
Sge-type objects is presented. 

The authors are grateful to the staffs of the Dodaira 
Station for helping with the observations. We are also 
grateful to VSNET members, to Gary Poyner and Bill 
Worraker (BAA), and the members of Variable Stars 
Observers League in Japan (VSOLJ) for supplying visual 
observations. 
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Object 



Max Min Amplitude* P, 



orb 



SH" 



Remakes References 



WZ Sge 


7.0 


15.5 


8.5 


0.05667 


0.05722 


- 


1, 2, 3, 4, 5, 6, 7, 8, 10, 11, 12, 13, 14, 

15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 

26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 

37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 

48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 
fir\ fi'i 

Oy, OU, Oi, DZ, Do, 04 


AL Com 


12.8 


20.5 


7.7 


0.05666 


0.05722 


1 


45, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 
75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 
86, 87, 88, 89, 90, 91, 92, 93, 94 


EG Cnc 


11.9 


18.0 


6.1 


0.05877 


0.06038 


1, 2 


95, 96, 97, 98, 99, 100, 101, 102, 103 


V2176 Cyg 


13.3 


19.9 


6.6 




0.0561 


3 


103, 104, 105, 106, 107 


HV Vir 


11.5 


19.2 


7.7 


0.05708 


0.05820 


1 


103, 108, 109 


RZ Leo 


12.3 


19.3 


7.0 


0.0761611 


0.07853 


1 


72, 110, 111, 112, 113, 114, 115, 116, 
117, 118, 119, 120, 121, 122, 123, 124, 
125, 126 



* Amplitude of outburst 
Orbital period (d). 
•fSupcrhump period (d). 



(mag) 



Remarks: 1. - Porb is taken from the best estimate of the period of early superhumps. 2. - Period of early super- 
humps by te]cite.mat98egcncMatsumoto et al. (1998b) ([cite] cite. matQSegcncMatsumoto et al.{1998b)b) and te]cite.kat97egcncKato 
et al. (1997a) ([cite]cite.kat97egcncKato et al.(1997a)a), which is in agreement with the period by quiescent photometry by 
te]cite.mat98egcncquiMatsumoto et al. (1998a) ([cite]cite.mat98egcncquiMatsumoto et al.(1998a)a). te]cite.pat98egcncPatterson 
et al. (1998a) ([cite]cite.pat98egcncPatterson et al.(1998a)a) proposed a different (0.05997 d) period. 3. - The first indication of a WZ 
Sge-type dwarf nova was proposed by te]cite.kat97v2176cygKato(1997b) ([cite]cite.kat97v2176cygKato(1997b)b). The lack of further 
outbursts (VSNET) also supports this identification. 

References: 1. te]cite.macl9wzsgeMackie(1919) ([cite]citc.macl9wzsgeMackie(1919)) ; 2. 

te]cite.hum38Humason(1938) ([cite]cite.hum38Humason(1938)) ; 3. te]cite.him46wzsgeHimpel(1946) ([cite]cite.him46wzsgeHimpel{1946)) 
; 4. te]cite.bey51wzsgeBeyer(1951) ([cite]cite.bey51wzsgeBeyer(1951)) ; 5. te]cite.gre57wzsgeGreenstein(1957) ([cite]cite.gre57wzsgeGreenstein(1957)) 
; 6. te]cite.kra62wzsgeKraft et al.(1962) ([cite] cite. kra62wzsgeKraft et al.(1962)) ; 7. 

te]cite.krz62wzsgeKrzeminski(1962) ([cite]cite.krz62wzsgeKrzeminski(1962)) ; 8. te]cite.esk63wzsgeEskioglu(1963) ([cite]cite.esk63wzsgeEskioglu(1963)) 
; 9. te]cite.krz64wzsgeKrzeminski, Kraft(1964) ([cite] cite. krz64wzsgeKrzeminski, Kraft(1964)) ; 10. te]cite.war72wzsgeWarner, 
Nather(1972) ([cite]cite.war72wzsgeWarner, Nather(1972)) ; 11. te]cite.rob78wzsgeRobinson et al.(1978) ([cite] cite. rob78wzsgeRobinson 
et al.(1978)) ; 
et al.(1978)) ; 
McGraw(1978)) 
Stover(1978)) ; 
et al.(1978)) ; 
Leibowitz(1978)) 
Bell(1978)) ; 
et al.(1979)) ; 
McCook(1979)) ; 



12. 



13. 



14. 



15. 



16. 



17. 



18. 



20. 



19. 



te]cite.fab78wzsgeparamctcrFabian et al.(1978) ([cite]cite.fab78wzsgeparameterFabian 
te]cite.pat78wzsgeiauc3311Patterson, McGraw(1978) ([cite] cite. pat 78wzsgeiauc3311Patterson, 
te]cite.nat78wzsgeiauc3311Nather, Stover (1978) ([cite] cite. nat78wzsgeiauc3311Nather, 
te]cite.kru78wzsgeiauc3312Kruszewski et al.(1978) ([cite]cite.kru78wzsgeiauc3312Kruszewski 
te]cite.bro78wzsgeiauc3313Brosch, Lcibowitz(1978) ([cite] cite. bro78wzsgeiauc3313Brosch, 
te]cite.wal78wzsgeiauc3315Walker, Bell(1978) ([cite] cite. wal78wzsgeiauc3315Walker, 
te]cite.kru79wzsgeiauc3318Kruszcwski et al.(1979) ([cite]cite.kru79wzsgeiauc3318Kruszcwski 
te]cite.gui79wzsgeiauc3319Guinan, McCook(1979) ( [cite]cite.gui79wzsgeiauc3319Guinan, 
te]cite.tar79wzsgeiauc3320Targan(1979b) ([cite]cite.tar79wzsgeiauc3320Targan(1979b)b) ; 21. 
te]cite.tar79wzsgeiauc3344Targan(1979c) ([cite]cite.tar79wzsgeiauc3344Targan(1979c)c) ; 22. te]cite.tar79wzsgeTargan(1979a) 
([cite]cite.tar79wzsgeTargan(1979a)a) ; 23. te]cite.boh79wzsgeBohusz, Udalski(1979) ([cite]cite.boh79wzsgeBohusz, Udalski(1979)) 
; 24. te]cite.bro79wzsgeatsirBronnikova(1979) ([cite]cite.bro79wzsgeatsirBronnikova(1979)) ; 25. te]citc.hci79wzsgeHeiser, 
Henry(1979) ([cite]cite.hei79wzsgeHeiser, Henry(1979)) ; 26. te]cite.bro79wzsgeBrosch(1979) ([cite]cite.bro79wzsgeBrosch(1979)) ; 

27. te]cite.cra79wzsgespecCrampton et al.(1979) ([cite] cite. cra79wzsgespecCrampton et al.(1979)) ; 28. tc]cite.rit79wzsgeRitter, 
Schroeder(1979) ([cite]cite.rit79wzsgeRitter, Schroeder(1979)) ; 29. te]cite.sma79wzsgeSmak(1979) ( [cite] cite.sma79wzsgeSmak( 1979)) 
; 30. te]cite.ort80wzsgeOrtolani et al.(1980) ([cite] cite. ort80wzsgeOrtolani et al.(1980)) ; 31. te]cite.bro80wzsgespecBrosch 
et al.(1980) ([cite]cite.bro80wzsgespecBrosch ct al.(1980)) ; 32. te]cite.fab80wzsgeUVFabian et al.(1980) ([cite] cite. fab80wzsgeUVFabian 
et al.(1980)) ; 33. te]cite.gil80wzsgeSHGimiand, Kemper(1980) ([cite]cite.gil80wzsgeSHGilliland, Kemper(1980)) ; 

34. te]cite.pat80wzsgePatterson(1980) ([cite]cite.pat80wzsgePatterson(1980)) ; 35. te]cite.wal80wzsgespecWalker, 

Bell(1980) ([cite]cite.wal80wzsgespecWalker, Bcll(1980)) ; 36. te]cite.pat81wzsgePatterson et al.(1981) ([cite]cite.pat81wzsgePatterson 
et al.(1981)) ; 37. te]cite.fri81wzsgeFriedjung(1981) ([cite]cite.fri81wzsgeFriedjung(1981)) ; 38. 

te]cite.how81wzsgeHowarth(1981) ([citc]cite.how81wzsgeHowarth(1981)) ; 39. te]cite.lei81wzsgeLeibowitz, 

Mazeh(1981) ([cite]cite.lei81wzsgeLeibowitz, Mazeh(1981)) ; 40. te]cite.voi83wzsgeVoikhanskaya(1983) ([cite] cite. voi83wzsgeVoikhanskaya( 1983)) 
; 41. te]cite.gil86wzsgeGimiand et al.(1986) ([cite]cite.gil86wzsgeGimiand et al.(1986)) ; 

42. te]cite.sim87wzsgeSima, Hadrava(1987) ([cite]cite.sim87wzsgeSima, Hadrava(1987)) ; 43. 

te]cite.nay89wzsgeIUEoutburstNaylor(1989) ([cite]cite.nay89wzsgeIUEoutburstNaylor(1989)) ; 44. te]cite.sio90wzsgeSion 

et al.(1990) ([citelcite.sio90wzsgeSion et al.(1990)) ; 45. te]cite.ric92wzsgedipRichter(1992) ([citelcite.ric92wzsgedipRichter(1992)) 
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Table 6. Properties of probable members of WZ Sge-typc dwarf novae. 



Object 


Max 


Min 


A* 


PSH^ 


Remarks 


References 


UZ Boo 


11.5 


20.5 


9.0 


0.0619 


1 


1,2, 3,4 


V592 Her 


12.3 


21.5: 


9.2: 


0.06007 


2 


2, 5, 6, 7, 8, 9 


UW Tri 


15 


[21 


>6 


0.0569 


3 


10, 11, 12, 13 


CG CMa 


13.7 


[20? 


>6 


0.0636 


4 


14, 15, 16 



* Amplitude of outburst (mag). 
^Reported super hump period (d). 

Remarks: 1. — Most likely superhump period is given (Kato et al., in preparation). Other one-day aliases are not com- 
pletely excluded. 2. - Superhump period from te]cite.duc98v592herDuerbeck, Mennickent{1998) ([citc]cite.due98v592herDucrbcck, 
Mennickent(1998)). te]cite.duo98v592herDucrbeck, Mennickent(1998) ([cite]cite.due98v592herDuerbeck, Mennickent(1998)) also listed a 
possible period of 0.06391 d. te]cite.kat98v592herKato(1998) ([cite]cite.kat98v592herKato(1998)) listed possible periods of 0.05705 and 
less likely 0.06049 d, based on the observations by G. Garradd. 3. - Most likely superhump period (teJcite.katOluwtriKato ct al.(2001d) 
[citeJcite.katOluwtriKato et al.(2001d)d). Other one-day aliases are not completely excluded. 4. — Possibly slow emergence of supcrhumps. 
The superhump period is the most likely signal by te]cite.kat99cgcmaKato et al. (1999b) ([cite] cite. kat99cgcmaKato et al.(1999b)b). 
References: 1. te]cite.bai79wzsgoBailoy(1979) ([cite]cite.bai79wzsgeBailey(1979)) ; 2. 

te]cite.ric92wzsgedipRichter(1992) ([citc]cite.ric92wzsgcdipRichtcr(1992)) ; 3. te]cite.kuu96TOADKuulkcrs 

et al.(1996) ([cito]cite.kuu96TOADKuulkors et al.(1996)) ; 4. Kato ct al. in preparation ; 5. 

te]cite.ric68v592herRichter(1968) ([cite]citc.ric68v592herRichter(1968)) ; 6. tc]cite.ric91v592herRichter(1991b) 

([cite]citc.ric91v592herRichter(1991b)b) ; 7. te]cite.due98v592herDuerbeck, Mcnnickent(1998) ([citc]cite.duc98v592herDuerbeck, 
Mcnnickent(1998)) ; 8. te]cite.vantee99v592horvan Teesehng et al.(1999) ([cite]cite.vantee99v592hervan Teeseling et al.(1999)) ; 9. 
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Table 7. Properties of candidates for WZ Sge-type dwarf novae and related systems. 
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Remarks to table 7: 1. - Large-amplitude SU UMa-type dwarf nova (superhumps detected). Unusual system with a short superhump 
period; possibly related to a WZ Sge-type star. The superhump period is taken from Kato et al. in preparation, whose preliminary 
result is cited in te]cite.how9611andHowell, Hurst(1996) ([cite]cite.how9611andHowell, Hurst{1996)). 2. - Originally discovered as a 
possible nova. 3. - Optical spectrum resembles that of WZ Sge in quiescence. 4. - Orbital period 79.4 min (teJcite.szkOOgwlibSzkody 
et al. (2000b) [cite]cite.szkOOgwlibSzkody et al.(2000b)b). Very likely a WZ Sge-type star. 5. - Proposed as a possible WZ Sge-type 
star in the past literature. 6. - Initially proposed as an intergalactic fast nova. The published light curve strongly resembles that 
of the 1946 outburst of WZ Sge. 7. - Spectroscopy in outburst suggests a dwarf nova. 8. - Although originally classified as a 
possible nova, multiple outbursts are known. 9. - Low outburst frequency. 10. - Possible nova recorded in 1926 in the LMC 
region without spectroscopic information. Some authors suggest the dwarf nova classification. The observed 100 d (e.g. 000 

[citc]cite.devac78distancescalede Vaucouleurs(1978)) might be too long for a dwarf nova. 11. - Possible nova recorded in 1927 in the 
SMC region without spectroscopic information. Some authors suggest the dwarf nova classification, and has been monitored for further 
outbursts (see e.g. 000 [cite]cito.how91CVamateurHowcll(1991)). The fastest decline {t:j 20 d) among historical novae and suspected 
novae in the SMC (000 [cite]cite.devac78distancescalede Vaucouleurs(1978)) makes the classification as a large-amplitude dwarf nova not 
unlikely. 12. - Misidentified in te]cite.due87novaatlasDuerbeck(1987) ([cite]cite.due87novaatlasDuerbeck(1987)). The new identification 
by te]cite.sch94kyaraSchaefer, HofHcit(1994) ([cite] cite. sch94kyaraSchaefer, HofHeit(1994)) suggests a dwarf nova with a large outburst 
amplitude. 13. — Rather frequent outburst (from VSNET data). Not very likely a WZ Sge-type star. 14. - Dwarf nova-like outbursts. 
Possible superhumps were detected. 112-min photometric periodicity in post-superoutburst quiescence has been reported, which 
te]cite.wou01v359cenxzeriyytelWoudt, Warner(2001) ([cite]cite.wou01v359cenxzeriyytelWoudt, Warner(2001)) interpreted as persisting 
superhumps. 15. - The maximum magnitude taken from the VSOLJ database, which recorded a bright, long-lasting outburst in 1980 
November. The last confirmed outburst was a short outburst reaching 15 mag reported in 1994 December (VSNET). Very good candidate 
for a WZ Sge-type dwarf nova. 16. - The outburst light variation (000 [cite]cite.wol05svariWolf, Wolf(1905)) resembles that of a WZ Sge- 
type dwarf nova. 17. — No spectroscopic confirmation during outburst; observations during quiescence more suggests a classical nova rather 
than a WZ Sge-type star. 18. - te]citc.zwi94CVspeclZwitter, Munari(1994) ([cite]cite.zwi94CVspeclZwitter, Munari(1994)) detected ab- 
sorption lines, while te]citc.rin96oldnovaspecRingwald et al.(1996) ([cite]cite.rin96oldnovaspecRingwald et al.(1996)) detected weak Balmer 
emission lines. Both features are not inconsistent with a high-M postnova spectrum. 19. - Poorly observed object during the outburst in 
1935. Some authors suggest the dwarf nova classification. tc]cito.mun98CVspec5Munari, Zwitter(1998) ([cite]cite.mun98CVspec5Munari, 
Zwitter(1998)) reported the detection of weak Ha emission in quiescence, not inconsistent with a high-M postnova spectrum. 20. 
- The 1991 outburst lasted ~20 d. A short brightness dip in the early stage of the outburst, and a post-outburst brightening were 
observed (te]cite.wen91dvdraWenzel(1991a) [cite]cite.wen91dvdraWenzel(1991a)a; 000 [citc]cite.ric92wzsgedipRichter(1992)). Both 
of these features are very characteristic of an SU UMa-type dwarf nova with very rare outbursts. 21. — Poorly observed object 
during the outburst in 1926. Some authors suggest the dwarf nova classification. No spectroscopic information. The light curve 
(te]cite.due84eyaqlbccasmtcenv745scoDucrbeck(1984a) [cite]cite.due84eyaqlbccasmtccnv745scoDuerbeck(1984a)a) may not be unlike that 
of a WZ Sge-type star. 22. - Originally discovered as a possible nova in 1931. The light curve (000 [cite]cite.fer35v522sgrFerwerda(1935)) 
may be interpreted as the plateau portion of an SU UMa-type superoutburst. Short-term variations also seem to have been present in 
the data of te]cito.fer35v522sgrFerwerda(1935) ([cite]cite.fer35v522sgrFerwcrda(1935)), which may suggest the presence of superhumps. 
te]cite.rin96oldnovaspecRingwald et al.(1996) ([cite]citc.rin96oldnovaspecRingwald et al.(1996)) classified the proposed quiescent counter- 
part as a G2-K5 star, which seems to be inconsistent with the eruptive nature of the object. The true counterpart may be an undetected, 
fainter companion to this star, as in the case of CG CMa (te]cite.kat99cgcmaKato et al. (1999b) [cite] cite. kat99cgcmaKato et al.(1999b)b; 
000 [cite] cite. due99cgcmaDuerbeck et al.(1999)). The star has been monitored by the members of the VSOLJ and VSNET, without any 
further outburst detection. 
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Remarks to table 7 (continued): 23. - Originally discovered as a possible nova in 1980. The light 

curve (000 [cite]cite.alk80sslmiAlksnis, Zacs(1981)) resembles the plateau portion of an SU UMa-type superoutburst. 
te]cite.har91sslmiiaucHarrison(1991) ([cite]cite.har91sslmiiaucHarrison(1991)) reported an activity in 1991, when the object was 
observed red. te]cite.how91sslmiiaucHowell, Kreidl(1991) ([cite]cite.how91sslmiiaucHowell, Kreidl(1991)), however, suggested 
that the object may belong to a large-amplitude dwarf nova. Unpublished /-band photometry by the authors also indi- 
cates a red object. The classification is still uncertain. 24. - Originally discovered as a dwarf nova or a nova in 1940. 
te]cite.wen90cigemWenzel{1990) ([cite]cite.wen90cigcmWenzel(1990)) suggested it to be a short-period SU UMa-type dwarf nova 
based on archival plate search. Low outburst frequency (VSNET). The only known recent outburst (short outburst) occurred in 1999 
February (000 [cite]cite.sch99cigemSchmeer, Duerbeck(1999); 000 [cite] cite. kat99cigemKato, Schmeer(1999)). te]cite.sch99cigemSchmeer, 
Duerbeck(1999) ([cite]cite.sch99cigemSchmeer, Duerbeck(1999)) identified a relatively red quiescent counterpart with 1^=21.66. 
Likely a large-amplitude dwarf nova, possibly related to WZ Sge-type stars. 25. - Originally discovered as a nova in 
M31 (000 [cite]cite.gru59ptandGrubissich, Rosino(1959)). te]cite.sha89ptandSharov, Alksnis(1989) ([cite] cite. sha89ptandSharov, 
Alksnis(1989)) considered the object to be an SU UMa-type dwarf nova based on the second outburst detection. Three 
well-documented (1957, 1986, 1998) and two poorly recorded (1983, 1988) are known. Although te]cite.alkOOptandAlksnis, 
Zharova(2000) ([citeJcite.alkOOptandAlksnis, Zharova(2000)) suggested the possibility of the object being a recurrent nova in M31, 
the shortest interval of the outbursts is too short [for recent theoretical calculations, see te]cite.hac99tcrbHachisu, Kato(1999) 
([cite] cite. hac99tcrbHachisu, Kato(1999), [cite] cite. hacOOrsophHachisu, Kato(2000a)a,b, [cite] cite. hacOlciaqlHachisu, Kato(2001a)a), 
te]cite.hacOOuscoburstHachisu et al.(2000) ([cite]cite.hacOOuscoburstHachisu et al.(2000)); see also a review: tejcite.hacOlRNHachisu, 
Kato(2001b) ([cite]cite.hac01RNHachisu, Kato(2001b)b)]. The outburst light curve resembles that of a WZ Sge-type dwarf nova. 

26. - te]cite.wag90v4338sgriauc Wagner et al.(1990) ([cite]eite.wag90v4338sgriauc Wagner et al.(1990)) presented a spectrum 
taken during the 1990 outburst, which showed Balmer, Hel, He II and C III/N III emission lines, and no forbidden lines. 
The spectrum was unlike those of novae. te] cite. wag90v4338sgriauc Wagner et al.(1990) ([cite]cite.wag90v4338sgriaucWagner 
et al.(1990)) suggested the object to be a large-amplitude dwarf nova like WZ Sge. The minimum magnitude is taken 
from te]cite.sum97v4338sgrSumner(1997) ([citc]cite.sum97v4338sgrSumner(1997)) (see also ( http://www.kusastro.kyoto- 
u. ac.jp/vsnet/DNe/nvl990sgr. html )). If the dwarf nova nature and the quiescent identification are confirmed, this object makes 
the largest record of the outburst amplitude of dwarf novae (see also the discussion in te]cite.vantee99v592hervan Tceseling 
et al.(1999) ([cite] cite. vantee99v592hervan Teeseling ct al.(1999)) for the implication from the existence of such a large-amplitude 
dwarf nova. The field was recently observed by the 2MASS survey and ISOGAL variable star survey te]cite.schOOISOGALSchultheis 
et al.(2000) ([citeJcite.schOOISOGALSchultheis et al.(2000)), yielding no promising quiescent counterpart. 27. - Originally discovered as 
a large-amplitude flare star. The long duration of the observed fiare suggests a dwarf nova-type outburst. 28. - Originally discovered as 
a possible supernova. 29. - The minimum magnitude is taken from te]cite.hen01xypscHenden et al.(2001) ([cite] cite. henOlxypscHenden 
et al.(2001)). No outburst has been reported since the discovery in 1972. Very good candidate for a WZ Sge-type dwarf nova. 
30. - The existence of the object is well established on multiple plates (000 [cite]cite.wen90nsv00895Wenzel, Wicklcin(1990)). The 
light curve resembles that of a long-lasting WZ Sge-type outburst. 31. - Also called as SN sl964a. Other (poorly studied) 
supernova candidates which can be large-amplitude dwarf novae include SN 1985J and NSV 05285. 32. - Originally discov- 
ered as a possible nova. Faint, high galactic lattitude object. 33. - Outburst in 1998 October (VSNET). Outbursts arc not 
frequent. 34. - Found at magnitude 10 on one photograph. tc]cite.iid90nsvl5272Iida(1990) ([cite]cite.iid90nsvl5272Iida(1990)) 
suspected a rare outburst of a cataclysmic variable. Wenzel (private communication) could not find further evidence for the 
outburst on Sonneberg plates. 35. — Recorded in AC 2000 catalogue, from a photograph taken in 1917. Possibly identifed 
with RX J0643. 9-2052. Large-amplitude dwarf nova or nova (000 [citc]cite.gre00j0643id210Greaves(2000)). No further outburst 
has been found in VSNET reports. 36. - Discovered by te]cite.wol04vl289aqlWolf(1904) ([cite]cite.wol04vl289aqlWolf(1904)). 
te]cite.mei70vl289aqlMeinunger(1970) ([cite]cite.mei70vl289aqlMeinunger(1970)) suggested it to be a "nova-like" object. Although 
the star has been monitored by the VSOLJ and VSNET members, no further outburst has been detected. Quiescent identification is 
still uncertain (000 [cite]cite.dow95CVspecDownes et al.(1995)). 37. - No outbursts were observed. 38. - Short-period (Por6=78 
min) system resembling quiescent WZ Sge (000 [cite]cite.aug97bwsclAugusteijn, Wisotzki(1997)). 39. - EUV transient. 40. - Full 
name: IRXS J105010. 3— 140431. Reported orbital period of 88.6 minutes and the spectrum closely resemble those of WZ Sge (000 
[cite]cite.men01jl050Mennickent et al.(2001)). The object is identified with a NLTT high proper-motion object NLTT 731-60, which implies 
a very small distance and a low intrinsic luminosity (te]cite.kat01jl050chat4601Kato(2001f) [cite]cite.kat01jl050chat4601Kato(2001f )f). 
41. - Belongs to interacting binary white dwarfs (IBWD) or AM CVn stars (helium CVs). The objects listed in the table are considered 
to correspond to WZ Sge-type stars in hydrogen-rich CVs (cf. 000 [cite]cite.sma83HeCVSmak(1983); te]cite.war95amcvnWarner(1995a) 
[cite]cite.war95amcvnWarner(1995a)a; 000 [cite] cite. tsu97amcvnTsugawa, Osaki(1997)). 
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Table 8. Properties of large- amplitude SU UMa-type dwarf novae and related systems. 
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Remarks to table 8: 1. - Negative detection of early superhumps has been reported at least during one supcrout burst. 

2. - Large-amplitude SU UMa-type dwarf nova with a typical cycle length of 1-2 years. tcJcite.rogOlwxcetRogoziecki, 
Schwarzenberg-Czerny{2001) ([citeJcite.rogOlwxcetRogoziecki, Schwarzenberg-Czerny(2001)) pointed out some similarities to WZ 
Sge in the behavior of quiescent humps. Extensive observations by teJcite.katOlwxcetKato et al. (2001c) ([citeJcite.katOlwxcotKato 
et al.(2001c)c) during the 1998 superoutburst suggested more resemblance to ordinary SU UMa-type dwarf nova. 3. - Large- 
amplitude SU UMa-type dwarf nova with a typical cycle length of 1-2 years until the superoutburst in 1990. No outburst 
has been detected up to 2001 (VSNET). The system needs to be closely examined with respect to the outburst cycle length 
and outburst amplitude. 4. - Large-amplitude SU UMa-type dwarf nova with a typical cycle length of 1 to a few years. 
te]cite.rom64bcumaRomano(1964) ([cite]cite.rom64bcumaRomano(1964)) reported three types of outbursts: very bright and long, inter- 
mediately bright and moderately long, and short ones. The brightest outbursts occur very infrequently (once in ~10 years). There may 
have been a positive detection of early superhumps (te]cite.kat00bcumaalert4562Kato et al. (2000b) [cite] cite. kat00bcumaalert4562Kato 
et al.(2000b)b) or possibly negative superhumps at P=0.0621 d (for a discussion, see te]cite.kat00bcumaalert4586Kato et al.(2000d) 
[cite]cite.kat00bcumaalert4586Kato et al.(2000d)d). Possibly an intermediate object between a WZ Sge-type and SU UMa-type dwarf 
nova. The superhump period is taken from te]cite.uem00bcumaalert4601Uemura et al.(2000) ([cite] cite. uem00bcumaalert4601Uemura 
et al.(2000)). The orbital period is taken from the table of te]cite.pat01SHPatterson(2001) ([citc]cite.pat01SHPatterson(2001)), 
while the well-documented period in the literature is 0.063 d (000 [cite]cite.how90faintCV3Howell et al.(1990)). 5. — One 

of prototypical large-amplitude SU UMa-type dwarf novae with a low outburst frequency. A well-observed post-superoutburst 
rebrightening occurred in 1989, which was also cited in tc]cite.kuu01jlll8Kuulkcrs(2001) ([cite]cite.kuu01jlll8Kuulkers(2001)) 
showing the similarity with outbursts of black- hole X-ray transients. 6. - The superhump period is taken from 

te]cite.uem01cpdracampaigndn556Uemura(2001) ([cite]cite.uem01cpdracampaigndn556Uemura(2001)). 7. - Aside from the long 

^orbi the outburst parameters inferred from recent observations are intermediate between usual SU UMa-type dwarf novae and WZ Sge- 
type dwarf novae. 8. - Eclipsing large-amplitude SU UMa-type dwarf nova. The maximum magnitude is taken from VSNET; the quoted 
value in tejcite.RitterCVRitter, Kolb(1998) ([cite]cite.RitterCVRitter, Kolb(1998)) is largely in error. The minimum magnitude in the 
table is our unpublished measurement of an averaged quiescent magnitude outside eclipses. The superhump period is taken from Uemura et 
al. in preparation. Outbursts are relatively infrequent (once in 1-2 yr), with a mean supercycle length of 770 d te]cite.nog01dvumaNogami 
et al.(2001) ([citojcite.nogOldvumaNogami et al.(2001)). The record of archival plates (000 [cite]cite.ush82dvumaUsher et al.(1982)) may 
suggest that outbursts were more frequent in the past. Early development of superhumps was precisely recorded during the 1999 December 
superoutburst (Uemura et al. in preparation). 9. - Large-amplitude SU UMa-type dwarf nova. Outbursts are relatively infrequent (once 
in >3 yr). The maximum and minimum magnitudes are taken from te]cite.how93efpegHowell et al.(1993) ([cite] cite. how93efpegHowell 
et al.(1993)); the superhump period is from te]cite.kat01efpegKato(2001a) ([cite]cite.kat01efpegKato(2001a)a). Superhumps had 
already appeared at the beginning of the past observations (te]cite.kat01efpegKato(2001a) [cite]cite.kat01efpegKato(2001a)a; 
Matsumoto et al. in prepartion), suggestive of the lack of early superhumps. A post-superoutburst rebrightening has been sug- 
gested (te]cite.kat97efpegalertl344Kato et al. (1997b) [cite]cite.kat97efpegalertl344Kato et al.(1997b)b), although the confirmation was 
very difficult because of the existence of a bright close companion. te]cite.pol98TOADPolitano et al.(1998) ([cite] cite. pol98TOADPolitano 
et al.(1998)) suggested this object to be a post-period minimum object. 10. — Large-amplitude SU UMa-type dwarf nova. Outbursts 
are relatively infrequent (once in ~1 yr). Two confirmed superoutbursts were separated by 4 yr. System parameters are taken from 
te]cito.uem01v725aqlUemura et al.(2001) ([cite]cite.uem01v725aqlUemura et al.(2001)). A confirmed post-superoutburst rebrightening 
was observed (000 [cite]cite.uem01v725aqlUemura et al.(2001)). A system similar to EF Peg. 11. - The superhump period is 
taken from te]cite.kat99puperKato, Matsumoto(1999) ([cite]cite.kat99puperKato, Matsumoto(1999)). Normal outbursts are relatively 
frequently seen (000 [cite]cite.rom76DNRomano, Minello(1976), 000 [cite]cite.kat95puperKato, Nogami(1995)). 12. - Originally 
suggested to be a WZ Sge-type system based on the short orbital period (000 [cite]cite.mis95PGCVMisselt, Shafter(1995)). The 
superhump period is taken from the table in te]cite.pat98evolutionPatterson(1998) ([cite]cite.pat98evolutionPatterson(1998)); more recent 
period determination (Psh=0. 05785 d) during the 2001 superoutburst (000 [cite]cite.war01mmhyaalert5884Warner, Woudt(2001)) is 
also known. Possible early superhumps? (Ishioka et al. in preparation). 13. — Large-amplitude SU UMa-type dwarf nova. Also 
suggested to be a TOAD (000 [cite]citc.how95TOADprocHowell, Szkody(1995)). However, the minimum magnitude (22. 5p) given in 
te]cite.kur77kvandkwandKurochkin(1977) ([cite]cite.kur77kvandkwandKurochkin(1977)) seems to be too faint as compared with the DSS 
2 image and the unpublished quiescent CCD photometry by the authors, which is listed in the table. The maximum magnitude is from 
observations reported to VSNET. Outbursts are relatively frequent (a fairly normal SU UMa-type object in terms of its outburst activity 
and a superhump period), in spite of the large outburst amplitude. 14. - The superhump period is taken from te]cite.kat99cthyaKato 
et al. (1999a) ([cite]cite.kat99cthyaKato et al.(1999a)a), which corresponds to the longer alias listed in te]cite.nog96cthyaNogami 
et al.(1996) ([cite]cite.nog96cthyaNogami et al.(1996)). Although te]cite.nog96cthyaNogami et al.(1996) ([cite]cite.nog96cthyaNogami 
et al.(1996)) suggested the possible intermediate nature between usual SU UMa-type stars and WZ Sge-type stars, outbursts are relatively 
frequent: the shortest interval between normal outbursts is ~30 d, and the likely supercycle is 250-300 d (VSNET). 15. - System with a 
short orbital period. Based on the research of past outbursts, te]cite.wen83tleoWenzel(1983a) ([cite]cite.wen83tleoWenzel(1983a)a) already 
pointed out the similarity with WZ Sge. Pickering and Wendell recorded an outburst at magnitude 7.4 in 1882, which was questioned by 
tc]cite.wen84tleoWenzel(1984) ([citc]citc.wcn84tleoWcnzel(1984)) because of its extreme brightness. Although recent superoutbursts of 
this object usually reach V=10, there may have been in the past high-amplitude outburst(s) like those of WZ Sge. Superhumps in the 
early stage of superoutbursts have been relatively well observed: te]cite.kat97tleoKato(1997a) ([cito]cite.kat97tleoKato(1997a)a) recorded a 
smooth increase of the superhump period starting with the nearly orbital period. This phenomenon may be related to early superhumps in 
WZ Sge-type stars (te]cite.kat97tleoKato(1997a) [cite]cite.kat97tleoKato(1997a)a). 16. - System with a short orbital period. Resembles 
T Leo in its outburst behavior. Photometric studies of superhumps in the past were not comprehensive enough to draw a conclusion 
regarding early superhumps. The minimum magnitude is taken from te]cite.gan01ektraGansicke et al.(2001) ([cite]cite.gan01ektraGansicke 
et al.(2001)), while te]cite.RitterCVRitter, Kolb(1998) ([citejcite.RitterCVRitter, Kolb(1998)) gave an upper Umit of V=17. The maximum 
magnitude is an extreme value listed in te]cite.GCVSKholopov et al.(1985) ([citejcite.GCVSKholopov et al.(1985)). Recent observations 
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Remarks to table 8 (continued): 17. - System with a very short supcrhump period. Only supcroutbursts were Itnown, but with a short 
recurrence time (220-290 d: 000 [cite]citc.kat00v844herKato, Uemura(2000)). The orbital period in the table is from quiescent photometry 
(Kato in preparation). 18. - Other names: RX J1450. 5+6403, HS 1449+6415. System with a short orbital period (Porb=0. 05898 
d, PsH=0.0601 d). teJcitc.nogOOltvdraNogami et al.(2000) ([cite]citc.nogOOkvdraNogami et al.(2000)) suggested the object to be an 
intermediate object between WZ Sge-type and ER UMa-typc stars. One well-established supcroutburst in 2000 May and subsequent 
normal outbursts are known. The lack of further outbursts (VSNET) may suggest a lower typical frequency of outbursts than proposed 
by tcJcite.nogOOkvdraNogami et al.(2000) ([cite]cite.nogOOkvdraNogami et al.(2000)). te]cite.kat00kvdraalert4858Kato et al. (2000a) 
([cite]cite.kat00kvdraalert4858Kato et al.(2000a)a) reported double-wave modulations in quiescence, which are reminiscent of those of WZ 
Sge. More observations are needed to establish the outburst behavior and the evolution of superhumps. 19. - Peculiar system with a short 
orbital period of 81±5 min (000 [cite]cite.tov98htcamTovmassian et al.(1998)). Although the object was suggested to be an intermediate 
polar (000 [cite] cite. tov98htcamTovmassian et al.(1998)), its classification has not yet been established. The object shows very brief 
(less than ~1 d) dwarf nova-like outbursts (000 [cite]cite.wat98htcamWatanabe(1998); see also 000 [cite]cite.sch00htcamSchmeer(2000) 
and te]cito.kat01htcamKato(2001b) [cite]cite.kat01htcamKato(2001b)b for recent observations). Possible relation to WZ Sge has been 
suggested (000 [cito]cite.las99wzsgeIPLasota et al.(1999)). 20. — Eclipsing system (the eclipsing nature was discovered by H. E. Bond 
in 1978, and published by te]cite.why80CVevolutionWhyte, Eggleton(1980) ([cite] cite. why80CVevolutionWhyte, Egglcton(1980)) and 
te]cite.pat81DNOhtcasPatterson(1981) ([cite]citc.pat81DNOhtcasPatterson(1981))). The minimum magnitude listed in the table is a typi- 
cal magnitude outside eclipses. Extreme magnitude of y=18.4 was reported. Low/high-state transitions have been observed in quiescence 
(000 [cite]cite.rob96htcasRobertson, Honeycutt(1996)). Superoutbursts are very rare (the only secure superoutburst in recent years was the 
1985 one (te]cite.mat85htcasiaucMattei et al. (1985b) [cite]cite.mat85htcasiaucMattei et al.(1985b)b; 000 [cite] cite. waa85htcasiaucWaagen 
et al.(1985); 000 [cite]cite.wen85htcasWenzel(1985); 000 [cite]cite.zha86htcasZhang et al.(1986))), while normal outbursts occur with 
a typical recurrence time of 1-2 yr (VSNET data; see also te]cite.wen87htcasWenzel(1987) ([cite]cite.wen87htcasWenzel(1987)) for 
the discussion of historical outbursts). The quoted outburst period in te]cito.GCVSKholopov et al.(1985) ([cite]cite.GCVSKholopov 
et al.(1985)) came from te]cite.GlasbyDNbookGlasby(1970) ([cite]cite.GlasbyDNbookGlasby(1970)), which is most likely erroneous. 
The only superhump detection was done during the 1985 superoutburst (000 [cite]cite.zha86htcasZhang et al.(1986)). No systematic 
observation of the early stage of this superoutburst was available. There was evidence of large-amplitude variations outside eclipses from 
photographic observations (Wakuda, private communication). A similarity of the outburst mechanism with WZ Sge-type systems and 
X-ray transients has been proposed (000 [cite] cite. las95wzsgeLasota et al.(1995)). 21. - Eclipsing system. The minimum magnitude 
listed in the table is a typical magnitude outside eclipses. Very similar to HT Gas, despite that no superoutburst has been yet observed 
(teJcite.katOlircomKato et al. (2001a) [citeJcite.katOlircomKato et al.(2001a)a). 
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